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ABSTRACT 
Fingertips of human hand play an important role in hand-based interaction with computers. Identification of 
fingertips’ positions in hand images is vital for developing a human computer interaction system. This paper proposes a 
novel method for detecting fingertips of a hand image analyzing the concept of the geometrical structural information of 
fingers. The research is divided into three parts: First, hand image is segmented for detecting hand; Second, invariant 
features (curvature zero-crossing points) are extracted from the boundary of the hand; Third, fingertips are detected. 
Experimental results show that the proposed approach is promising.  
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1. INTRODUCTION 
In human computer interaction fingertips play an important role to interact with computers. Identification of 
fingertips positions in 2D or 3D space is very crucial for developing a human computer interaction system. Our ultimate 
goal is to develop a human computer interaction system but for the initial stage of our research work we develop a robust 
method for accurate detection of fingertips within an image. For fingertips detection, the preprocessing stage involves 
hand segmentation because it narrows down the region of interest for the detection system. Therefore, performance of 
the segmentation method is very important otherwise fingertips detection methods fails to detect fingertips accurately.  
 
2. RELATED WORK 
Local-Linear-Mapping (LLM) networks are used to develop a system to estimate fingertips positions using [1]. The 
aim of these works is to visualize the fingertips when fingers are even in front of any skin color or the hand is not fully 
widened. The precision of this method depends on the various aspects of the acquisition of the training data set for 
processing the LLM network. The research work [2] developed a method for fingertips detection based on gray-scale 
morphology and geometric calculations using depth information of fingers obtained from a stereo camera. The limitation 
of this method is that it cannot detect fingertips positions for closed fingers. In [3] it is also used stereo camera for 
capturing depth information of hand images. In this method they locate fingertips based on circle feature matching 
analysing hand contour. Lee et al. [4] proposed a method to detect fingertips by scale-invariant angle detection based on 
variable k-cosine. In this research work it is assumed that open fingers all sharp and therefore high curvature values can 
be used to determine the positions of fingertips on the hand contour.  
 
3. PROPOSED METHOD 
In this paper, we propose a new technique for fingertips detection in color images using hand boundary extraction 
and analysing local information for each fingertip on the hand image. Given a binary image of a hand segmented from 
the background, the pursuit for fingertips extraction is reduced to a smaller area of interest. After capturing the image, we 
initially segment the hand to extract hand contour. In the next step, we extract a suitable number of curvature zero-
crossing points on the hand boundary and then we estimate the fingertips using the local information for each fingertip. 
All the steps are schematically shown in Figure1. 
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ܳఙ = ൛൫ܺ(ݐ, ߪ), ܻ(ݐ, ߪ)൯หݐ = ሾ0, 1ሿ},                                        (3) 
where ܺ(ݐ, ߪ)  and ܻ(ݐ, ߪ) are defined as: ܺ(ݐ, ߪ) = 	ݔ(ݐ) ⊗ ݃(ݐ, ߪ) and ܻ(ݐ, ߪ) = 	ݕ(ݐ) ⊗ ݃(ݐ, ߪ), respectively, and 
݃(ݐ, ߪ) denotes a one dimensional Gaussian kernel of width ߪ. We can compute curvature zero-crossing points from the 
evolved version of the hand boundary. Curvature k on ܳఙ is obtained as follows [6]:  
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where ܺ௧(ݐ, ߪ) = 	ݔ(ݐ) ⊗ ݃௧(ݐ, ߪ),  ௧ܻ(ݐ, ߪ) = 	ݕ(ݐ) ⊗ ݃௧(ݐ, ߪ),  ܺ௧௧(ݐ, ߪ) = 	ݔ(ݐ) ⊗ ݃௧௧(ݐ, ߪ),  and ௧ܻ௧(ݐ, ߪ) = 	ݕ(ݐ) ⊗
݃௧௧(ݐ, ߪ). The locations at which ݇(ݐ, ߪ) = 0 are the locations of curvature zero-crossing points of the hand boundary. 
The extent of smoothing applied to the hand boundary is determined empirically so that a suitable number of curvature 
zero-crossing points are obtained on the boundary.  
3.3 Fingertips Detection 
Fingertips are always bounded by two consecutive zero-crossing points which are located fairly apart each other and 
always one side of the line joining them. If we visit the boundary from left to right, each fingertip is located on the left 
side of the line joining by two consecutive zero-crossing points. The area formed by the curve bounded by two 
consecutive zero-crossing points containing the fingertip is also large comparing to other parts of the boundary. The 
direction of the tangent drawn at each zero-crossing points indicates whether a consecutive pair of zero-crossing points 
holding a fingertip or not. In the next step we use two threshold values, one is distance value and the other one is area. If 
the distance between two consecutive zero-crossing points is small and the area under the curve is also small than the 
area, the curve segment is discarded from the possible list of finding fingertips.   
Due to a slight variation of curvatures in either directions (increasing or decreasing) very often, a lot of numbers of 
zero-crossing points are obtained initially. To avoid the loss of important curvature zero-crossing points we apply the 
threshold values. In this stage we measure the angle between each tangent with the line joining each pair of zero-crossing 
points. If two angles are unequal, then we move the position of the zero-crossing point which provide with the smaller 
angle and try to find out a position on the boundary where both angles become equal or close to equal. The intersecting 
point on the boundary with the bisector of the line joining two points (one is for the stationary zero-crossing points and 
another is the adjusted point) is the final position of the fingertip on the boundary. At the final stage we develop a 
method using the relative properties of chord and arc length of a circle to eliminate all the falsely identified points. We 
consider this technique because each fingertip is located on a small portion of an arc of a circle. Figure 3 shows the 
geometrical structure of an arc and a cord AB of length c of a circle of radius r.  
 
 
 
 
 
 
 
 
 
 
 
  Fig. 3. Geometric structure of a circular arc 
 
From Figure 3 we can write the equation of the chord AB of length c as follows: 
ܿ = 2√ݎଶ − ݈ଶ                                                             (5) 
Where r is the radius of the circle and l is the distance from the chord to the centre of the circle. We can simplify the 
above equation further and find the value of the radius of the circle in terms of h, the height of the arc of the circle from 
the chord. The equation of the radius of the circle is given as follows:  
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From Figure 5 we can see that the proposed method can successfully detect the positions of the fingertips (red mark 
on each finger) in the image even if the fingers are kept separate or close to each other with fairly complex background 
and different illumination condition. The proposed method was implemented in Matlab, and tested on a Pentium PC 
(Core™ 2 Duo, 2.40 GHz). The test image sequences were grabbed from a digital camera (Coolpix S3300) with a 
resolution of 640×480. The proposed method has been tested on different samples authored by a set of different persons.  
 
5. CONCLUSION 
In this research work, we have presented a simple, efficient and robust method for detecting fingertips in an image 
frame which is an important task for developing a hand based human computer interaction system. The main advantage 
of the proposed method is that it can locate multiple fingertips in the image even if the fingers are close or separated 
from each other.  This method is different from the circular or cylinder modelled based method which cannot detect 
fingertips if they are not stretched and separated from each other (Fig. 5). We have compared our method with the 
method presented in [7]. The comparison results show that the extra branching for the skeleton is an issue which 
provides extra number of fingertips, but the proposed method doesn’t have this problem. The drawback of the proposed 
method is that it cannot detect fingertips in the case of multiple hands in the image or any fingertip is overlapped with the 
skin color image. In our future work, we aim to develop a method to overcome these problems.  
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